Three mechanistic steps detected by FRET after presynaptic filament formation in homologous recombination. ATP hydrolysis required for release of oligonucleotide heteroduplex product from RecA.
The Escherichia coli RecA protein promotes DNA strand exchange in homologous recombination and recombinational DNA repair. Stopped-flow kinetics and fluorescence resonance energy transfer (FRET) were used to study RecA-mediated strand exchange between a 30-bp duplex DNA and a homologous single-stranded 50mer. In our standard assay, one end of the dsDNA helix was labeled at apposing 5' and 3' ends with hexachlorofluorescein and fluorescein, respectively. Strand exchange was monitored by the increase in fluorescence emission resulting upon displacement of the fluorescein-labeled strand from the initial duplex. The potential advantages of FRET in study of strand exchange are that it noninvasively measures real-time kinetics in the previously inaccessible millisecond time regime and offers great sensitivity. The oligonucleotide substrates model short-range mechanistic effects that might occur within a localized region of the ternary complex formed between RecA and long DNA molecules during strand exchange. Reactions in the presence of ATP with 0.1 microM duplex and 0.1-1.0 microM ss50mer showed triphasic kinetics in 600 s time courses, implying the existence of three mechanistic steps subsequent to presynaptic filament formation. The observed rate constants for the intermediate phase were independent of the concentration of ss50mer and most likely characterize a unimolecular isomerization of the ternary complex. The observed rate constants for the first and third phases decreased with increasing ss50mer concentration. Kinetic experiments performed with the nonhydrolyzable analogue ATPgammaS showed overall changes in fluorescence emission identical to those observed in the presence of ATP. In addition, the observed rate constants for the two fastest reaction phases were identical in ATP or ATPgammaS. The observed rate constant for the slowest phase showed a 4-fold reduction in the presence of ATPgammaS. Results in ATPgammaS using an alternate fluorophore labeling pattern suggest a third ternary intermediate may form prior to ssDNA product release. The existence of two or three ternary intermediates in strand exchange with a 30 bp duplex suggests the possibility that the step size for base pair switching may be 10-15 bp. Products of reactions in the presence of ATP and ATPgammaS, with and without proteinase K treatment, were analyzed on native polyacrylamide gels. In reactions in which only short-range RecA-DNA interactions were important, ATP hydrolysis was not required for recycling of RecA from both oligonucleotide products. Hydrolysis or deproteinization was required for RecA to release the heteroduplex product, but not the outgoing single strand.